Introduction
American consumers spend from 2 to 5 h a day using their smartphones [1] . Given the emerging significance of smartphones in everyday American life, optimizing smartphone applications (apps) for use in monitoring and intervening upon chronic health conditions has become a burgeoning area of commerce and research. For health professionals in outpatient primary care, psychiatric conditions are common presenting problems, with mental health concerns estimated to be the primary diagnosis for around 60 million outpatient visits to physician's offices in 2015 alone [2] .
Despite frequent experiences with patients' mental health concerns in outpatient care, many primary care professionals feel ill-prepared to provide treatment [3] . Providers' discomfort is unfortunate given that many patients prefer to receive mental health treatment in primary care settings [4] . Mental health apps provide a compelling tool for addressing barriers to mental health treatment, including provider discomfort and lack of time. Apps afford an alternative channel for engaging patients and can provide symptom monitoring, tailored, evidence-based treatment that is integrated into patients' everyday lives, and other clinical functions (see Table 1 for a more extensive list of common intended purposes of mental health apps). Primary care professionals and patients appear to be amenable to integrating apps into care. Most primary care physicians currently use smartphones or tablets, and rate smart devices as important or very important to their daily work [5] . In particular, medical students and junior professionals report relying upon apps as important sources of educational and reference information [5] . On the patient side, use of mental health apps is high and growing; in one study, 69% of respondents and 80% under age 45 reported a desire to use apps for mental health monitoring [6] . While smartphone access lessens with lower socioeconomic status [7] , primary care patients across the socioeconomic spectrum report significant interest in using health-related apps [8] .
Despite the promise of mental health apps, navigating the multitude of those targeting mental health can be daunting. Hundreds or even thousands of mental health apps exist commercially for different conditions. Clinicians and consumers are often uncertain whether a mental health app is effective, usable, protective of patient health data, free, or would involve barriers to typical practice. Further, apps are constantly appearing, disappearing, and being updated in the marketplace.
Given the aforementioned challenges, in the current review, we attempt to assist primary care health professionals with processes for evaluating and integrating mental health apps into practice. To do so, we cover three areas: (1) we summarize two leading frameworks for evaluating mental health apps; (2) we conduct a systematic review of the typical characteristics and evidence base for mental health apps across a variety of mental health areas commonly encountered in primary care; and (3) we generate recommendations for clinicians based upon current frameworks, evidence, and their application to primary care.
Frameworks for evaluating mental health apps
To address the swift changes in the marketplace and wide configuration of factors that must be evaluated within mental health apps, several leading frameworks have emerged for evaluating apps for professional use. We will illustrate two leading examples, although these and other frameworks will continue to evolve. The American Psychiatric Association App Evaluation Model provides a rubric and corresponding course for professional evaluation of apps, whereas PsyberGuide provides a rubric and specific ratings of apps for use by professionals and patients.
American Psychiatric Association App Evaluation Model
First, while the American Psychiatric Association (APA) offers no firm list of endorsed mental health apps, it provides an evaluation method and corresponding online course for use in evaluating mental health apps [9] . Designed for physicians and other health professionals, the evaluation method teaches users to filter the thousands of available mental health apps through a rubric to winnow down available apps and systematically evaluate apps according to several key dimensions. Initially, professionals are coached to gather information about apps' background (i.e., price, last update, developer) to determine whether they should proceed with considering the app. Next, professionals examine an app's safety, considering aspects such as the privacy and security of data shared through the app. Subsequently, efficacy and usability are evaluated with methods taught to determine the evidence supporting the app presented, and the ease with which one can use and adhere to the purported benefits of the app. Lastly, professionals determine the "interoperability" of the remaining apps, in other words, how the app may allow data sharing among the health professional, patient, and others in useful ways. By functioning as a filtering framework for evaluating apps, the APA App Evaluation Model is a useful tool for yielding a collection of apps for use in primary care. Second, PsyberGuide-a non-profit website-rates mental health apps based on credibility, transparency, and user experience [10] . PsyberGuide is a collaborative endeavor among an academic management team, a scientific board of directors, and a non-profit organization. While PsyberGuide also does not endorse particular apps, it provides detailed information about specific apps for health professionals and patients to review and determine whether specific products may address their needs. The site currently categorizes available apps into four mental health areas-stress and anxiety, mood disorders, schizophrenia, and PTSD-and provides clear rubrics for informing visitors about not only specific ratings, but the process underlying these ratings. For some apps, supplemental expert reviews from selected professionals are available. The site is regularly updated with new apps, fresh data, and evolving evaluations of changes made to previously reviewed apps. Together, these two frameworks are valuable guides for health professionals and patients who intend to identify specific apps for use. In the next section, we provide a snapshot assessing the current mental health app landscape across major mental health problem areas. This snapshot is intended to offer providers and patients a broad context within which to base their search and evaluation process using frameworks like the two reviewed above.
Existing characteristics of mental health apps for primary care
To conduct a systematic review of the typical characteristics and evidence base for mental health apps across mental health areas commonly encountered in primary care, we initially restricted our literature search to mental health apps studied in primary care. However, there were nearly no RCTs, pilot examinations, or reviews of mental health apps that were specific to primary care settings. As a result, we instead searched for reviews evaluating mental health apps across treatment settings. To do so, we conducted a series of searches using the keywords and procedures found in Table 2 , resulting in 996 results. Following the process outlined in Fig. 1 , we next removed duplicates, screened records, and then conducted a detailed full-text examination of the remaining records. To meet inclusion criteria, reviews were required to systematically review and summarize evidence for apps across multiple studies. In addition, reviews were required to include apps available on smartphones, designed for patient use, and that functioned in assessment, identification, screening, or treatment roles for mental health conditions (defined as either DSM-5 disorders or mental health constructs and treatment techniques pertaining to DSM-5 disorders). Finally, articles reviewing broader issues of ethics, economics, and the methodologies for reviewing or developing apps were excluded. Both evaluators (JM, SA) reviewed and rated each full-text record, and all discrepancies were discussed until a consensus was reached. This process yielded 58 eligible reviews, with an additional 14 eligible results stemming from references contained within the main results or our previous knowledge.
Existing reviews evaluating mental health apps
Overall, the eligible systematic reviews varied in their methodologies (e.g., meta-analysis versus narrative review), search strategies, restriction to iPhone versus Android apps, and other dimensions. We attempt to summarize their findings at a general level for each mental health problem area while referring readers to specific reviews for additional details and examples of apps. While we seek to characterize the themes present across reviews for each problem area, not every review is summarized or cited in the text due to space. Table 3 provides a full list of all eligible reviews, organized by problem area.
Anxiety and PTSD
While anxiety is one of the most common mental health issues encountered in primary care [83] , there are currently few apps available for anxiety or PTSD that are well-regarded across evaluation criteria. Apps that provide anxiety intervention are difficult to find; one examination of thousands of commercial anxiety apps yielded only 52 functional apps that went beyond text or audio information to offering psychological techniques to reduce anxiety [44] . Among apps that have been tested with feasibility or efficacy data, app interventions do appear to reduce anxiety relative to control conditions when delivered as part of broader interventions [40, 44] . However, studies evaluating apps for specific disorders such as social anxiety disorder and panic disorder have resulted in unclear empirical support or methodological issues that prevent conclusions [36, 45•] . For panic disorder, commercially available apps have low quality and self-help value [46], with no single app meeting all assessed criteria such as the source of the apps' content and transparency. For PTSD, there have been more promising findings, including data supporting the use of an app-based PTSD Checklist-Civilian for assessment [84] . Additionally, the PTSD Coach intervention, which was developed by the US Department of Veteran Affairs (VA), has been evaluated repeatedly with promising although not completely supportive results [45•] . In addition, the VA developed another app, PE Coach, to provide prolonged exposure therapy, with efficacy evaluations upcoming [45•] . For the remainder of commercial apps that have not been rigorously evaluated, their scientific grounding, usability, and efficacy of their techniques for addressing anxiety and PTSD in a clinically significant way is uncertain [42] .
Depression
To assist in the identification and management of depression, there are data supporting the use of an app-based version of the Patient Health Questionnaire (PHQ-9) for assessment [45•, 85] , and the use of several monitoring apps for tracking depressive symptoms [45•] . For treatment, there is no strong scientific evidence supporting publicly available apps, with high variability in apps' usability and a frequent lack of safety and privacy information [59, 61] . In addition to infrequent descriptions of the source of app content [65] , evidence-based principles seem to be present in only 
Eating disorders
Apps may be uniquely suited to treat eating disorders, addressing patients' common fears of stigmatization and ambivalence to change. A review of consumer eating disorder intervention apps, however, suggests that apps have significant room for improvement [27] . Weaknesses of current apps include reliance on empirically unsupported treatments [27] and frequent provision of variable, poor, or even harmful advice [25] . Current apps also fail to take advantage of smartphone capabilities, relying solely on manual data entry instead of automated input (e.g., geolocation, time), artificial intelligence, and ecological momentary assessment/intervention [25, 27] . Future apps may integrate these potentially valuable technological features to enhance treatment.
Suicide prevention and self-harm
Larsen and colleagues [16] provide an excellent overview of existing app features, finding that half of identified apps followed evidence-based strategies, all apps possessed some elements of best practice guidelines, and only a few apps contained potentially harmful elements. At the same time, few apps revealed the source of their content or had interactive content [12, 16] . Like with eating disorders, suicide prevention apps have excellent Wallace and Dhingra (2014) [82] Some articles are listed under more than one category due to those articles reviewing apps in multiple problem areas potential for building upon smartphone technological capabilities, and examples such as the Relieflink and MY3 apps illustrate exciting features such as assistance in locating nearby suicide resource centers, emergency buttons, and in-app social support networks [18•] . While many suicide prevention apps may contain evidence-based strategies, few have been scientifically evaluated, with various reviews finding between two and six original scholarly evaluations of apps [14, 22] .
Bipolar disorder
Nicholas and colleagues [56] examined apps for bipolar disorder that were publicly available in Australia, although these nearly universally corresponded to apps in the USA and Britain. None had been subject to research evaluation, converging with later work finding only two potentially effective evidence-based mobile interventions for bipolar disorder [51] : PRISM, which has RCT support [86] , and IABD, which has undergone a pilot study [87] . Of the other informational and self-management apps available, only one third cited their sources of information and even smaller percentages adhered to best practice guidelines or used validated screening measures [56] . In an examination of user preferences, the greatest strengths of bipolar symptom-tracking apps were their facilitation of moodtracking [54] . Some users reported not only sharing their insights gained with healthcare providers, but also desiring to export raw data from the app to show their healthcare providers. Aligning with this desire, the most cited weaknesses of apps for bipolar were insufficient technological capacities, along with privacy issues and technical failures [54] .
Schizophrenia
Although schizophrenic symptoms like disorganization and cognitive impairment may hinder a patient's capacity to use technology, over two thirds of first-episode psychosis patients own internet-enabled cell phones [88] . A systematic review found five independent studies testing smartphone apps for schizophrenia, covering symptom monitoring, mental health selfmanagement, and physical activity promotion [71] . The combined results demonstrated low dropout, high levels of self-initiated app usage, and high perceived helpfulness of the apps by patients. Comparing app symptom monitoring to a text message-based monitoring in one trial, participants completed a greater number of entries and preferred to use the smartphone app compared to the texting interface. Furthermore, there were no reports of app usage increasing paranoia or exacerbating symptoms. These results converge with other reviews [69] to suggest that despite concerns about the capacity of patients with schizophrenia and psychotic disorders to use mental health apps, these patients are capable, engaged with smartphones, and may benefit from careful implementation.
Alcohol use disorders
There seems to be great changeover in alcohol use disorder apps, with one review finding that over 35% of apps reviewed were no longer available by the conclusion of their study [21] . Apps available in the marketplace are generally geared toward calculating blood alcohol content [21] , providing information, monitoring use, and assisting with general support and motivation [15, 31] . Unfortunately, many available apps may encourage alcohol consumption, either directly or through motivating drinking by virtue of users' desire to check their blood alcohol content [33] . Currently, the monitoring functions of alcohol use disorder apps may be the most helpful feature as an adjunct for health professionals who are delivering evidence-based treatment [13] , as few apps were designed with evidencebased treatment guidelines in mind [21] , and little scientific evidence supports their use [15, 29] . In addition to monitoring features, users may also appreciate the provision of drinking-related information and feedback [26] . In terms of current evidence, there are differing interpretations. Several researchers have found that while there is initial positive evidence for apps resulting in reduced alcohol use, further evidence is needed for this modality [11, 17, 23, 28] . However, other reviews have concluded that not only is further evidence needed, but that the existing RCTs largely show a lack of significant reductions in alcohol use [13, 24] .
Nicotine use disorder
Most available apps provide advice for limiting the number of cigarettes smoked or calculating benefits to reducing smoking, but do not provide other strategies such as tracking cigarette use [64] . However, unlike several areas we have reviewed, there is some support from pilot RCTs that apps increase the quit rate of users, although there is uncertain support for relapse prevention [72] and other reviews have found no intervention studies meeting stringent eligibility criteria [74] . Finding functional and effective apps is a tremendous challenge with nicotine use, as only 7% of seemingly relevant apps may target smoking cessation and be applicable to individuals attempting to quit [64] . The average available app also tends to have poor to acceptable quality [73] . There seems to be a divide between Android and iPhone apps, such that few apps are available across both platforms [64] , and only about half of scientifically evaluated apps remain available in the marketplace; these apps are summarized by Haskins and colleagues [68•] . Among the remainder of commercially available apps, adherence to best practices such as the US Clinical Practice Guideline for Treating Tobacco Use and Dependence [89] or tailoring interactively to users' needs tends to be low [62, 63, 90] . Given the importance of tailoring, several reviews have evaluated smoking cessation apps for specific smoking subpopulations such as people with psychosis [66] or pregnant women [70] .
Stress
Stress may be a domain with promise, as there is high adherence to evidence-based strategies and high usability, and approximately half of the reviewed apps seem to be sufficiently transparent in terms of describing the source of content, confidentiality, privacy, and other information [75] . In total, Coulon and colleagues [75] identified at least 32 apps that were evidence-based and had acceptable functionality, often focusing on approaches such as mindfulness, meditation, and diaphragmatic breathing.
Further, approximately 95% of patients in one study reported using apps to access evidence-based strategies for stress would be helpful, increasing the potential impact of stress management apps [91] .
Pain
For pain, reviews of existing apps have consistently found them to be developed by software developers or lay people, with little input from healthcare professionals [79, 81, 82] , although many may contain recommendations by health professionals and associations [78] . Perhaps as a consequence, there is little reference in apps to evidence-based guidelines or strategies [77] , with only 6 out of 195 marketplace apps in one review containing identifiable theoretical content [81] . Another review found that only 1 out of 279 apps described any scientific evaluation, and no largescale RCTs had been conducted with any apps [79] . Slight differences were reported in a review of apps for lower back pain, as most apps contained some elements of interventions recommended by the 2016 National Institute for Health and Care Excellence guidelines for evidence-based interventions [80] . However, usability was low, and no app had been scientifically evaluated for its effectiveness in reducing lower back pain [80] .
Mental health across the lifespan
Few apps have been specifically developed for children and adolescents or for older adults, and the benefit of mental health mobile apps for these populations is unclear [48, 52] . Among adolescents, the greatest concerns about app use include privacy and discretion, with healthcare providers echoing these concerns as being crucial when considering adolescent populations [48] . While youth are generally receptive to apps, perceptions of app usability vary and may be lower among adolescents with mental health disorders compared to those without, requiring greater attention to matching adolescents in treatment with appropriate apps [47] . Youthoriented mental health apps target a broad range of subjects, from general well-being to depression, OCD, eating disorders, anxiety, and suicide prevention [48] . Two reviews demonstrate a distinction between two app "pools": an empirically driven selection of child mental health apps drawn from publications [48] and a selection of downloadable consumer anxiety apps [38•] . One notable difference is that while the consumer pool contains more apps with active treatment components (50%) than the empirically driven pool (7%), the majority of apps from the consumer pool do not use evidence-based treatment components [38•] . This distinction dovetails with a review of scientifically evaluated apps finding that all apps were monitoring or assessment ones, rather than involving psychological intervention techniques [55] . For older adults, studies of apps have been largely geared toward older adults with dementia and mild cognitive impairment [52] . In the few studies reviewed, older adults did not demonstrate substantial difficulty using apps and other mobile technologies after receiving coaching tutorials.
Generally, apps and mobile technologies have been examined only as assessment aids among older adults, showing promise while not being tested in randomized designs or using intervention formats [52] .
Mindfulness and cognitive-behavioral apps
Mindfulness and cognitive-behavioral approaches are relevant across a variety of mental health and well-being areas, and there are hundreds of purported "mindfulness" smartphone apps available on commercial platforms [57, 58] . Unfortunately, only about 4% of mindfulness apps include both mindfulness training and education components [57] , making relevant apps challenging to locate for professionals and patients. Apps that included both components frequently incorporate guided meditation, timers, and reminders to facilitate mindfulness practice. They also possess acceptable quality in terms of engagement, functionality, visual aesthetics, and information soundness [57] . Despite these features, however, there is a lack of scientific evidence [57] . While cognitive-behavioral apps are less common than mindfulness ones commercially, their short-term effectiveness appears to be supported in the RCTs that have been conducted [58] .
Summary of current findings
The current review overviewed two leading frameworks for evaluating mental health apps and captured a snapshot of current mental health apps' empirical support and characteristics such as adherence to best practice guidelines, development processes, availability, data security, and usability. Several problem areas emerged as having relatively more scientific evaluation of apps, including PTSD, smoking, and alcohol use. Other areas such as eating disorders not only generally lacked scientific evaluation, but contained a significant subset of apps providing poor or harmful advice. More generally, common strengths of available apps include symptom-tracking features, psychoeducational components, and high user engagement, while common weaknesses include insufficient privacy settings and little integration of empirically supported treatments outside of scientifically developed apps. While some specific apps demonstrate great promise, ethical and sociocultural issues surrounding the use of such apps warrant consideration.
Clinical implications
In most problem areas, extensive search processes were necessary to find apps that were relevant, functional, and in preferred language and formats. Prior to evaluating key features of individual apps, these search hurdles present substantial barriers for clinicians and patients. For clinicians, it may be expedient to build up a collection of apps matched to regularly occurring presenting problems. This collection could be regularly updated using sources like recent review papers of apps in particular problem areas. Additionally, regular collaborative use of apps within a collection could help the clinician to develop typical scripts and language for introducing and discussing the profiles of particular apps with patients. To summarize our recommendations for developing and updating such collections, we outline our proposed approach to using mental health apps in primary care in Fig. 2 . In addition to integrating the professional evaluation frameworks we reviewed earlier, this approach reminds providers to continue evaluation throughout the use of an app and asks providers to consider contributing their experiences to the professional knowledge base. In addition to the considerations already discussed, clinicians need to weigh potential ethical issues that may arise [92] . For instance, implicit in evaluating the privacy and security of apps is the fact that apps may be used to collect and transmit sensitive information. Because the app is not contained within a traditional healthcare environment controlled by the clinician, both clinicians and patients may not consider novel threats to privacy and confidentiality. For instance, apps that are used to assist with treating substance use [92] or problems like sexual dysfunction may reveal information to others that is illegal and/or perceived as embarrassing. Patient need to be able to fully know, evaluate, and consent to the risks inherent in app use. Related to these ethical issues, access to apps is not equivalent across demographic and cultural groups [7] . As part of apps' general lack of an evidence base, there has been little work evaluating the Fig. 2 . Proposed model for using mental health apps in primary care.
effectiveness and tailoring of apps across sociocultural dimensions. From app cost and smartphone access to intervention content, usability, and privacy, clinicians need to consider sociocultural dimensions as they would with other modes of mental health monitoring and treatment.
Limitations and conclusion
This guide relied on systematic reviews across a variety of problem areas, rather than individually examining the thousands of studies covered by these systematic reviews. Health professionals are encouraged to consult the specific systematic reviews listed in Table 3 for more detailed guides to problem areas of interest. Additionally, few evaluations specifically examined primary care settings and the generalizability of apps across settings and populations, so the implementation of apps with individuals should be carefully monitored. The ubiquity of smartphones and their application to mental health problems provide an interesting and useful starting point for clinicians and patients to engage in new discussions about how to approach many psychiatric and substance use issues. Harnessing the power of technology has significant potential for strengthening the doctor-patient relationship and extending mental health work outside of the traditional clinical setting. In spite of the identified challenges and the difficulties of finding suitable apps, clinicians and patients now have more promising mental health apps at their fingertips than ever before.
